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Influence of alcohol consumption on restenosis rate after
percutaneous transluminal coronary angioplasty and stent
implantation
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Objective: To disclose possible influences of alcoholic beverages on restenosis rate in men with coronary
artery disease treated with percutaneous transluminal coronary angioplasty (PTCA) and stent implantation.
Design: Retrospective cohort study.
Patients: 225 consecutive male patients underwent PTCA and stent implantation. All patients had a control
angiography and were contacted for a questionnaire regarding their drinking habits.
Main outcome measures: Mean late loss of luminal diameter, rate of coronary restenosis of 50% or more
within the stented segment, and rate of repeat angioplasty.
Results: 53 patients (with 80 stents) consumed , 50 g of alcohol a week and 172 (with 266 stents)
consumed more (50–700 g a week). Baseline characteristics were similar in both groups except for a
higher prevalence of reduced cardiac function and multivessel disease and a lower high density
lipoprotein cholesterol concentration among patients who consumed little or no alcohol. Patients who
consumed > 50 g alcohol a week had a lower mean late loss of the luminal diameter (1.1 (0.79) mm v
1.45 (0.82) mm, p = 0.002), a lower rate of coronary restenosis within the stented segment (33.7% v
48.8%, p = 0.001), and a lower rate of repeat angioplasty (23.3% v 42.5%, p = 0.002). In multivariate
analysis, only alcohol consumption and diabetes were independent and significant discriminators for late
loss of luminal diameter (p = 0.005 and p = 0.01, respectively), restenosis (odds ratio 0.54 and 2.08,
respectively), and repeat angioplasty (odds ratio 0.39 and 2.18, respectively).
Conclusion: Alcohol intake is associated with reduced restenosis after PTCA and stent implantation.

E
pidemiological studies have clearly shown an association
between alcohol consumption and a reduced risk for
cardiovascular morbidity and mortality; however, the

mechanisms underlying this association are not clear.1–12

Atherosclerosis may be regarded as the result of two
pathophysiological steps: firstly, adhesion and deposition of
lipids into the arterial wall with consequent endothelial
dysfunction and inflammation; and secondly, intima pro-
liferation caused by the invasion and proliferation of smooth
muscle cells.13 Alcohol may affect the first step, since it
increases protective high density lipoprotein (HDL) choles-
terol concentrations, reduces systemic markers of inflamma-
tion, and influences haemostatic factors.14 However, there
appear to be discrepancies between the ‘‘protective dose’’ of
alcohol15 and the optimal doses for reduction of systemic
inflammatory markers.16 17 The dose effects on haemostatic
factors are even more difficult to interpret in terms of
cardiovascular protection.18 19 Other substances than alcohol,
present particularly in red wine, decrease inflammation and
oxidation.20 21 Recent studies suggest, however, that the
protective effect of alcohol consumption is rather indepen-
dent of the type of alcoholic beverage.22 In addition, the
protective effect is influenced largely by the genotype of
alcohol dehydrogenase, with best protection in people with
slow alcohol metabolism.23 These studies also provide a
strong argument against confounding factors such as socio-
economic24 and other lifestyle factors and underscore the role
of alcohol.
Restenosis after percutaneous transluminal coronary

angioplasty (PTCA) is induced by mechanical injury of the
vessel wall. The restenotic process is due predominantly to
intima proliferation and is less dependent on lipid deposi-
tion.25 Particularly, when PTCA is combined with stent

implantation, recoil mechanisms of the vessel wall are
reduced and restenosis is merely a result of smooth muscle
cell proliferation. To evaluate a possible influence of alcohol
consumption on this component of the atherosclerotic
process, we studied patients who underwent PTCA and stent
implantation with regard to restenosis rate and drinking
habits.

METHODS
Study design, patients, and procedures
In this cohort study, 455 consecutive male patients who
underwent PTCA and stent implantation at our institution
were enrolled. Exclusion criteria were female sex, myocardial
infarction not older than four weeks, age older than 80 years,
and PTCA of bypass grafts. All patients were scheduled for a
routine control angiography after six months. A control
angiogram was recorded for 385 patients (85%) and only
these patients were contacted by mail. They were asked to
answer a questionnaire on the amount of alcohol consumed.
We did not specify whether drinking habits had changed
during follow up, as it has been shown that these habits
rarely change in the age group studied here.26 Patient
enrolment continued until we had obtained sufficient
responses to achieve the calculated need of 50 patients (as
outlined under ‘‘Statistical analysis’’) in each group. All 225
patients who responded to this questionnaire were included.
The 225 patients received 346 PTCAs with stent implantation.
Fifty three patients with 80 implanted stents reported an
alcohol consumption of , 50 g (group A) and 173 patients a
consumption of 50 to 700 g (with 21 patients consuming 350
to 700 g) alcohol a week (group B). The study was approved
by the local ethics committee and all participants gave
informed consent.

1189

www.heartjnl.com



PTCA and stent implantation were carried out with
standard guide wires and balloon catheters with premounted
stents. All procedural modalities were left to the discretion of
the operator. Quantitative coronary angiography was per-
formed with the use of an automated edge detection system
(DICOMview, Heartlab Inc, Westerly, Rhode Island, USA)
with the guiding catheter used for calibration. All diameters
were measured in two orthogonal views at late diastole and
means of the two measurements were used for further
analysis. The angiograms were analysed by an experienced
interventional cardiologists who was unaware of the data on
alcohol intake. Study end points were late luminal loss
diameter, restenosis rate within the stented segments, with
restenosis defined as a > 50% narrowing of the reference
lumen diameter, and revascularisation rate in these seg-
ments.

Statistical analysis
A sample size of 50 patients in each group was needed to
detect a 30% difference in the mean late luminal loss
diameter, with a statistical power of 0.8 and a two sided
significance level of 0.05. Continuous variables are expressed
as mean (SD) and were compared by Student’s t test.
Nominal variables are expressed as counts (percentages) and
were compared by Fisher’s test. For late luminal loss, a
generalised linear regression model was used to adjust for the
following clinical parameters: age, body mass index, diabetes,
smoking, arterial hypertension, previous myocardial infarc-
tion, previous PTCA, previous coronary artery surgery,
number of diseased vessels, and left ventricular function.
For the two other end points, restenosis and repeat PTCA, a

multiple logistic regression model was used for adjustment to
the same parameters. The multivariate analysis was carried
out with the SAS software, release 8.1 (SAS Institute, Cary,
North Carolina, USA).

RESULTS
Characteristics of the cohort
All traditional coronary risk factors, except for HDL choles-
terol concentration, were similar in the two groups, as was
the medication taken by the study participants (table 1). As
expected, the concentration of HDL cholesterol was signifi-
cantly higher among alcohol consumers. In line with the
suggested protective effect of alcohol consumption, more of
the patients with no or low alcohol consumption (group A)
had three vessel disease and an impaired left ventricular
function than did patients who consumed > 50 g alcohol a
week (group B). Also, a trend towards a more frequent
history of surgical revascularisation with coronary artery
bypass grafts was noted in group A (table 1). However,
because of differences in the rate of restenosis, PTCA of
bypass grafts had been prospectively excluded from analysis.
There were also no differences in the targeted vessels, stent

length and diameter, and number of stents implanted per
patient between the study groups (table 2).

Follow up data and end points
The mean time to control angiography was similar in both
groups. Within the short period of follow up, no differences
in the incidence of myocardial infarction or need for
revascularisation in segments apart from the originally

Table 1 Patient characteristics

Group A (n = 53) Group B (n = 172) p Value

Age (years) 63.5 (10.4) 63.0 (8.1) 0.79
Arterial hypertension (%) 69.8 72.1 0.73
Systolic BP (mm Hg) 133 (21.7) 134 (16.8) 0.69
Diastolic BP (mm Hg) 80.3 (10.6) 81.4 (9.7) 0.50
BMI 26.1 (2.8) 26.4 (3.2) 0.61
Diabetes (%) 26.4 19.8 0.34
Smokers (%) 15.1 17.4 0.84
Previous MI (%) 41.5 33.7 0.33
Previous PTCA (%) 47.2 43.0 0.64
Previous CABG (%) 24.5 13.4 0.08
Medication (%)
b Blocker 86.8 89.0 0.63
ACE inhibitor 73.6 63.4 0.19
AT2 receptor antagonist 9.4 7.6 0.77
Calcium antagonist 24.5 18.6 0.33
ADP receptor antagonist 7.5 9.3 1.0
Aspirin 81.1 86.6 0.37
Statins 73.6 82.0 0.24
Other lipid modifying drugs 1.9 4.1 0.68
Laboratory parameters
Creatinine (mmol/l) 88.4 (22.1) 88.4 (23.9) 0.93
TSH (mU/L) 0.98 (0.61) 1.12 (0.96) 0.32
Homocysteine (mmol/l) 10.9 (3.06) 11.1 (3.98) 0.78
HDL cholesterol (mmol/l) 1.04 (0.27) 1.15 (0.28) 0.01*
LDL cholesterol (mmol/l) 2.82 (0.97) 2.84 (0.81) 0.85
Total cholesterol (mmol/l) 4.50 (1.01) 4.71 (0.94) 0.23
Triglyceride (g/l) 1.27 (0.70) 1.35 (0.86) 0.54
Haemoglobin A1c (%) 5.9 (1.18) 6.0 (0.93) 0.69

Number of diseased vessels (%) 0.009*
1 7.5 26.2
2 24.5 25.6
3 67.9 48.3

Reduced LVEF (%) 43.4 26.2 0.025*

Data are mean (SD) or percentages.
*Significant difference.
Group A, consumption of , 50 g of alcohol a week; group B, consumption of > 50 g of alcohol a week.
ACE, angiotensin converting enzyme; AT2, angiotensin type 2; BMI, body mass index; BP, blood pressure; CABG,
coronary artery bypass graft; HDL, high density lipoprotein; LDL, low density lipoprotein; LVEF, left ventricular
ejection fraction; MI, myocardial infarction; PTCA, percutaneous transluminal coronary angioplasty; TSH, thyroid
stimulating hormone.
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targeted region were observed. However, restenosis, defined
by a luminal narrowing of > 50% within the previously
stented segment, and repeat angioplasty were 30% and 45%,
respectively, lower among group B patients than among
group A patients (table 3).
Quantitative analysis of the coronary angiograms showed

similar values for vessel size, minimum lumen diameter, and
the degree of stenosis of target lesions before angioplasty,
with a similar acute angiographic gain after angioplasty in
both groups (table 4). On control angiography, patients with
no or low alcohol consumption had a smaller minimum
lumen diameter (1.24 (0.84) mm v 1.57 (0.85) mm,
p = 0.004), higher grade stenosis (56.4 (28.4)% v 45.3
(28.6)%, p = 0.004), and a higher amount of late loss of
luminal diameter (1.45 (0.82) mm v 1.1 (0.79) mm,
p = 0.002) in the treated segments. Multivariate analysis
showed that only alcohol consumption (p = 0.005), diabetes
(p = 0.001), and body mass index (p = 0.03) were
significantly related to the late luminal loss diameter. Only
these three parameters were also significantly related to
restenosis > 50% (odds ratio 0.54, 2.08, and 0.9, respectively)
(table 5). Alcohol consumption and diabetes were also
independent predictors of repeat PTCA (odds ratio 0.39 and
2.18) (table 6).

DISCUSSION
The present study suggests that alcohol consumption reduces
the proliferative response of the atherosclerotic vessel wall to
local stress and injury as indicated by a reduced restenosis
rate after PTCA and stent implantation. The advantages of
this model are as follows. Restenosis after PTCA is a rapid
event that occurs predominantly during the first four months
after the intervention and therefore allows for a short
observation period, thereby decreasing the chance for
confounding factors and changes in drinking pattern to play
an important part. In addition, restenosis occurs frequently
and therefore beneficial effects can be detected in a relatively
small population. Furthermore, the mechanisms of restenosis
are rather independent of lipid deposition. Hence, an
influence of alcohol consumption on the proliferative
response of the atherosclerotic vessel wall may be detected.

Lastly, the rationale for selecting patients with stent implan-
tation was that stents reduce recoil mechanisms of the vessel
wall and that the initial postprocedural result is more
uniform than it is among patients treated with PTCA alone.
We studied only men to avoid possible differences in the

dose response to alcohol and other sex related differences.
Further exclusion criteria were PTCA in acute myocardial
infarction and PTCA of bypass grafts to avoid heterogeneity
of groups and procedures.
Although this study was not a prospective randomised

trial, it should be considered that the questionnaire was
administered to a predefined (with regard to all inclusion and
exclusion criteria) cohort of consecutive patients who had
been angiographically evaluated beforehand. Therefore, any
observational bias can be ruled out.
Our data on alcohol consumption were based on a simple

questionnaire with the potential limitation to underestimate
the true intake. Such an underestimation would not limit the
conclusion of a protective effect of alcohol but would
underestimate the true beneficial volume of alcohol inges-
tion. However, 75% of our patients reported a regular alcohol
consumption of > 50 g a week. In the light of otherwise
remarkably similar baseline characteristics, the significantly
higher HDL cholesterol concentration among patients who
reported an alcohol intake of at least 50 g than among those
who consumed little or no alcohol further confirms the
reliability of the grouping.
Although HDL cholesterol may contribute to the protective

effect of alcohol consumption in atherosclerosis, its contribu-
tion to the reduced rate of restenosis is less likely. In large
prospective randomised trials, statin treatment that reduces
LDL cholesterol and increases HDL cholesterol concentrations
did not have a short to medium term effect on prevention of
restenosis after PTCA.27–30 For example, in the study with
80 mg of lovastatin daily, compared with placebo, HDL
increased by 0.1 mmol/l, a concentration close to the
0.12 mmol/l difference in HDL cholesterol between the two
groups of the current study.27 Hence, it is unlikely that the
higher HDL cholesterol concentration among patients who
consumed > 50 g of alcohol a week had a major impact on
coronary restenosis in these patients.

Table 2 Coronary interventions (PTCA and stent implantations, n = 346) in 225 men with
coronary heart disease

Group A (n = 53) Group B (n = 172) p Value

Implanted stents per patient 1.51 (0.49) 1.55 (0.75) 0.78
Target vessel (%) 0.62

Left main 2.8 0.8
Left anterior descending 44.4 46.4
Left circumflex 22.2 20.5
Right coronary artery 30.6 33.2

Stent length (mm) 12.3 (4.9) 11.4 (3.74) 0.16
Stent diameter (mm) 2.99 (0.3) 2.97 (0.34) 0.74

Data are mean (SD) or percentages.

Table 3 Patient outcomes

Group A (n = 53) Group B (n = 172) p Value

Interval to angiographic control (days) 176.5 (54.3) 170.7 (54.8) 0.43
Myocardial infarction (%) 0.0 2.3 0.58
PTCA in a different segment (%) 9.4 15.1 0.37
CABG (%) 1.9 2.3 1.0
Restenosis >50% per segment (%) 48.8 33.8 0.001*
Repeat PTCA per segment (%) 42.5 23.3 0.002*

Data are mean (SD) or percentages.
*Significant difference.
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We selected a borderline consumption of 50 g alcohol a
week to distinguish the low or no alcohol consuming men
from regular drinkers. A recent study among 38 000 male
health professionals showed that those who consumed
> 50 g of alcohol daily had the lowest risk for undergoing
a coronary revascularisation procedure.22 Similarly, in a
previous Australian study the greatest reduction in coronary
events occurred among men who had reported consuming
one to four drinks daily, five or six days a week.15

As do all previous studies in this field, the current study
does not allow for a general recommendation that abstinent
men drink alcohol, even if they have underlying cardiovas-
cular disease.31 However, it further supports that moderate

consumers of alcohol with an increased cardiovascular risk
profile should not be advised to stop drinking.
The present findings among patients with PTCA and stent

implantation are in agreement with previous experimental
animal studies. In C57/BL6 hyperlipidaemic mice, alcohol
feeding slowed the progression of atherosclerosis.32 Similarly
in rabbits, alcohol feeding reduced intimal proliferation and
restenosis after balloon angioplasty.33 Furthermore, local
application of alcohol during angioplasty reduced the
proliferative vessel response in iliac arteries of rabbits and
coronary arteries of pigs.34 35 More recently it has been shown
that alcohol inhibits fibroblast growth factor induced
proliferation of aortic smooth muscle cells.36 Together with
the present findings, a strong body of evidence has
accumulated to suggest a protective role of alcohol against
vascular smooth muscle cell proliferation in atherosclerosis
and restenosis after coronary interventions.
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Unilateral right ductus with left aortic arch: an uncommon association

A
25 year old woman was referred to the cardiac centre
with a six month history of deteriorating cyanosis,
dyspnoea, and exercise intolerance stable since early

childhood. Physical examination revealed severe cyanosis,
grade 3 clubbing, single S2, and grade 3/6 continuous
murmur in the right infraclavicular region. A chest x ray
revealed a normal sized heart with prominent pulmonary
bay. An ECG showed right atrial enlargement with right
ventricular hypertrophy. A transthoracic echocardiogram
revealed a large subaortic ventricular septal defect with more
than 60% aortic override, atretic pulmonary valve, a
hypertrophied right ventricle, and continuous flow in the
right sided ductus between the right brachiocephalic and
right pulmonary artery. The patient was diagnosed as having
pulmonary atresia with ventricular septal defect (PA-VSD)
with right patent ductus arteriosus (PDA). Arch angiography
in left anterior oblique (LAO) 20˚ view revealed right sided
PDA with short segment stenosis at the distal anastomotic
site with right pulmonary artery (below left). Catheter course

and selective injection of dye in the PDA confirmed the
findings (below right).
The ductus embryologically originates from the distal

portion of one of the six aortic arches and its persistence,
site, and course are closely associated with the development
of the aortic arch. Commonly seen on the left side even in a
patient with right sided arch, the ductus can connect either
the proximal right or left pulmonary artery to virtually any
location on the aortic arch or proximal portion of the
brachiocephalic artery. This case highlights a rare association
of unilateral right PDA with left aortic arch in pulmonary
atresia.
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